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Avoiding underflow or overflow in a circular buffer 
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METHOD TO CONTROL DATA RECEPTION BUFFERS FOR PACKETTZED 

VOICE CHANNELS 

FIELD OF THE INVENTION 

5 

This invention relates in general to data transfer systems and more specifically 
to a method for controlling data transfer into and out of & circular buffer so as to 
prevent buffer overflow and underflow. 

10 BACKGROUND OF THE INVENTION 



With the advent of Voice-Over-IP (VoIP) communication systems, specialized 
hardware has been developed to convert synchronous TDM streams of voice data to 
voice packets for transmission via IP (internet Protocol) over a LAN (Local Area 

is Network), and vice versa. In order to accommodate variations in transmission rates 
into and out of such E2T devices (Ethornet-to-TDM), software algorithms have been 
developed to prevent data loss where die receive and transmit data streams are not 
synchronized. Software solutions such as are known in the prior art contribute to 
system complexity and loss of speed for real time applications (such as the 

20 transmission of voice traffic). 

SUMMARY OF THE INVENTION 



According to the present invention, a method is provided for avoiding data 
25 loss in a data packet switch which utilizes a circular data buffer. If die data is received 
at a faster rate than it is read out of the buffer, then the transmitter is running at a 
higher frequency than the receiver and the buffer will soon overflow. Therefore, 
according to one aspect of Ac invention the data read-out pointer is adjusted by 
incrementing it to skip, or drop, the next sample. If the data is received at a slower 
30 rate than it is read out of the buffer, then the transmitter is running at a lower 

freq uency than the receiver and the buffer will soon underflow. Therefore, according 
to another aspect of the invention, the read-out pointer is adjusted by decrementing it 
to repeat the previous sample. The method of controlling the buffer read-out pointer 
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according to the present invention, is implemented in hardware thereby reducing 
system complexity and improving speed relative to prior ait software solutions. 

The method according to the present invention accommodates dynamically 
5 varying packet sizes and permits a reduction in the receive buffer size, thereby 
resulting in savings in buffer memory and delay and latency over prior art software 
implementations. Also, the method of the present invention is dynamically adjustable 
according the network jitter, as defined by the Real Tune Protocol operations 
specified by the IFFF's RFC! 889. The algorithm of the present invention does not 
10 add significant distortion or ixjject appreciable noise into the voice data stream, and 
allows for packets containing silence to be suppressed (i.e. the packets are not 
transmitted, thereby allowing the TDM data to be continually read out of the buffer at 
the local sample rate). 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Various embodiments of the present invention are described below with 
reference to the drawings m which: 

20 Figure 1 is a block diagram showing a data packet transmission system 

according to the prior art; 

Figure 2 is a schematic representation of a circular buffer for use in the data 
packet transmission system of Figure 1 ; and 

25 

Figure 3 is a further schematic representation of the circular buffer of Figure 2 
with notations for illustrating the buffer control method according to the present 
invention* 

30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Figure 1 shows a device (1) that forms TDM data streams, normally voice 
streams, into packets and transmits them over a packet network. In operation, fee 
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device (1) receives transmitted data at a local sample rate, defined by a local frame 
pulse (2), places the TDM data into appropriate buffers (eg. one buffer per voice 
stream), and transmits entire buffer contents as a data packet when a predetermined 
number of samples has been collected in the buffers). All transmitted voice streams 
5 are transmitted at the same, locally defined, rate. 

The device (1) also receives packets of TDM data streams from a multiplicity 
of external devices (4). These packets have data rates referenced to synchronous 
sources, defined by local sample clocks (5) which are independent and unrelated to 
10 each other and the local frame pulse {2\ but have the same nominal frequency and 
data rate as their respective local references (5). 

When a packet from a particular one of the sources (4) is received, it is stored 
temporarily in a dedicated local memory buffer within the device (1). Single samples 
15 are extracted from this buffer at the local data rate (defined by the frame pulse (2)), fin- 
transmission over the local TDM channel (La the received data stream A, B & C in 
Figure 1). The data streams from sources A* B and C have different data rates but are 
output on the received TDM data stream output of the device (1 ) at the same data rate, 
which is governed by the local frame pulse (2). 

20 

Differences in the data rates into and out of each receive buffer within device 
(1) can result in the buffers running out of data or overfilling with data. 

Figure 2 is a representation of a circular buffer and illustrates the various 
25 attributes of that buffer. The circular buffer of Figure 2 is of a fixed size (B samples). 
Data packets are written into the buffer when received, starting at the location pointed 
to by die pointer NEXT ADDR. Data is read out, one sample at a time, from the 
location pointed to by a TDMAOPADDR pointer, which is incremented after each 
sample is read so as to point to the next sample. Since the buffer is circular, the 
30 pointer NEXTADDR could have a value larger or smaller than TDMAOPADDR, as 
shown. 



JSDOCID: <GB 2350533A_I_> 



4 



r 



The number of samples in the buffer to be transmitted is defined as the "front 
pool" If data is received too slowly, then the front pool gradually shrinks until 
TDMAOPADDR equal* NEXTADDR at which time there is no more data to 
transmit. 

5 

The amount of space available in the buffer to receive new packets is defined 
as the "rear pool". If this space becomes less than the size of a packet, then the new 
packet will overwrite data that has yet to be transmitted. 

10 The method according to the present invention prevents either of these two 

conditions from occurring, by adjusting the pointer TDMAOPADDR to ensure 
adequate front and rear pools. 

With reference to Figure 3, data is read out of the buffer at the local receiver 

1 5 TDM sample rate, one sample at a time* with die result that the TDMAOPADDR 
pointer (T), is incremented so as to point to the next sample to be read. If Ate data is 
received at the same rate as it is read out of the buffer, then transmitter and receiver 
are operating at the same frequency. If the data is received at a Aster rate than it is 
read out of the buffer, then the transmitter is running at a higher frequency than die 

20 receiver and the buffer will soon overflow, Q.c when the rear pool becomes zero). To 
avoid this happening, according to die present invention the TDMAOPADDR pointer 
is adjusted by incrementing it to skip, or drop, the next sample. On the other hand, if 
the data is received at a slower rate than it is read out of the buffer, then the 
transmitter is running at a lower frequency than the receiver and the buffer will soon 

25 underflow, (i.c.when the front pool becomes zero). To avoid this happening, 
according to (he present invention the TDMAOPADDR pointer is adjusted by 
decrementing it to repeat the previous sample. These additional adjustments to 
TDMAOPADDR are made each time a packet is received, thereby allowing for an 
adequate adjustment rate and the implementation of simple silence suppression 

30 schemes. In the latter case, if no packets are received due to silence, then 

TDMAOPADDR will continue being incremented at the local sample rate, (Le. 
effectively free-running). 
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A front pool watermark is defined as N - packet size * J(J) where N is the 
starting address for writing die next packet; "packet size** is the number of samples 
contained in the packet; and JQ is the Real Time Protocol packet intcr-arrival jitter as 
calculated according to die Internet Engineering Task Fence's RFC 1 889, section 6.3.1. 

5 

A rear pool watermark is defined as T - packet size - J(i) where T is the 
starting address of the next sample to he read out of the buffer, at the local receiver's 
sample rate; "packet size" is the number of samples contained in the packet; and J(i) is 
the Real Time Protocol packet inter-arrival jitter as calculated according to the 
10 Internet Engineering Task Force's RFCl 889, section 6.3.1. 

For an arbitrary buffer size, the actual size of the front pool ia calculated by die 
algorithm FP = N - T. IfFP is negative, then FF = FP + B. For a buffer sLce which is 
a binary multiple and with N and T being integers of width equivalent to the minimum 
15 number of bits required to fully address the entire buffer, then, ignoring overflow, the 
equation reduces to FP = N - T. Similarly, for die rear pool , RP=T-N. 

The following is a section of verilog code for implementing the algorithm 
according to the present invention, for a buffer size of lk samples: 

rsg[9:0]FP,RP.N,T; 
FP = N-T; 
RP = T-N; 

//Increment TDM AOPADDR to point to next TDM data sample 
T-T+l; 

//test if TDMAOP ADDR pointer adjustment is required 
i f ((FP) < ((J » 4) + packet_size)) T « T - 1 ; 
i f ((RP) < ((J » 4) + packctjrize)) T = T + 1; 



20 



25 



3NSDOC1D <GB. 



_2350533A_I_> 



t 



6 



It will be appreciated that, although a particular embodiment of the invention 
has been described and illustrated in detail, various changes and modifications may be 
made. 

5 For example, buffers can be of arbitrary sizes. Thus, for a buffer of arbitrary 

size (but no greater than IK), the algorithm is described by the following verilog code: 

reg[10:0]FP,RP; 

regf9:0]N.T.B; 

FP= {tb'OJ*} - {lb*O.T}; 

10 if(FP[10])FP-FP + B; 

RP= {lb*0,T> - {lb*0,N}; 

if(RP[10])RP = RP + B; 

//Increment TDMAOPADDR to point to next TDM data sample 
T-T+l; 

IS //test if TDMAOPADDR pointer adjustment is required 

if ((FP[9:0]) < ((J » 4) + packet_size)) T = T - 1; 
if ((RP[9:0D < ((J » 4) + packet_aize)) T = T + 1 ; 

Also, packet size can be either a fixed quantity, with all packets containing the 
20 same number of samples, or the packet size can be dynamic, (Le. varying from packet 
to packet However, the value, packet_size, is provided by the packet reception 
circuitry m a well known manner. 

When the method of the present invention is used to control buffers for 
25 packets which are not RIP encapsulated, then the jitter variable, J, is not available. 
The variable storage clement for J in the verilog code implementations above, can 
therefore be set to a predetermined value which remains constant for all packets. The 
value set will generally be larger than the maximum network jitter expected and can 
be larger or smaller than single, or multiple, packets. 

30 



3NSDOC10: <GB 2350533A__j_> 



All such changes and modifications may be made without departing from the 
sphere and scope of the invention as defined by the claims appended hereto. 
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What is claimed is: 

1 . A method far controlling data transfer into and out of a circular buffer, 
comprising the steps of: 

5 

receiving and writing data packets into said buffer starting at a first address 
and at incrementally increasing addresses thereafter; 

reading and transmitting data packets out of said buffer starting at a second 
10 address and at incrementally increasing addresses thereafter; 

in the event that said first address is greater than said second address by less 
than a predetermined amount then decrementing said second address before reading 
and transmitting of said data packets; and 

15 

in the event that said second address is greater than said first address by less 
than a predetermined amount then incrementing said second address before reading 
and transmitting of said data packets. 

20 2. The method of claim 1. wherein each of said data packets is characterized by a 
packet size and an inter-airival jitter value, and wherein said predetermined amount is 
equivalent to said packet size plus said inter-arrival jitter value. 

3. The method of claim 1, wherein each of said data packets is characterized by a 
25 packet size and wherein said predetermined amount is equivalent to said packet siae 
phis a constant value which is larger than maximum expected network jitter associated 
with said data packets. 
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